Introduction {#Sec1}
============

With longer life expectancy, it has become increasingly important to evaluate quality of life among the elderly. As described by Khanna and Tsevat \[[@CR1]\], research in health-related quality of life (HRQOL) originated from two fundamentally distinct approaches*:* health status and health value/preference/utility assessment. Health status measures attempt to assess a person's functional ability in one or more domains, whereas health utility measures are designed to assess the value or desirability of a state of health for each individual. There are various measures of health status and health utility; this study focuses on the most widely used measures, SF-36, SF-12, and a relatively new measure SF-6D.

The Short-Form 36 Health Survey (SF-36) is a 36-item measure that has been widely used to assess self-rated HRQOL \[[@CR2], [@CR3]\] and to monitor trends and variations in population health status for the past few decades \[[@CR4]\]. The SF-36 yields subscale scores in eight domains representing various aspects of physical and mental functioning which is further aggregated into two subscale scores representing physical (PCS) and mental health components (MCS). The SF-36 has been used extensively in observational studies and clinical trials in individuals having a wide range of illnesses, ages and other characteristics \[[@CR5], [@CR6]\]. The Short-Form 12 Health Survey (SF-12), a shorter version of SF-36, is another valid and reliable HRQOL measure that also provides physical and mental subscale scores and has been used widely \[[@CR7]\]. The SF-12 is advantageous because it can be completed in less than 2 min---about 10 min faster than SF-36 \[[@CR8]\]. The Short-Form 6D (SF-6D) consists of a sub-sample of eleven items from the SF-36 and is a relatively new approach to measuring HRQOL. Unlike the SF-36 and SF-12, which provide assessments of *health status* with regard to physical and mental function \[[@CR1], [@CR9]\], the SF-6D assigns population-based preferences to the subject's responses that represents the respondent's *health value* or *health preference* \[[@CR1], [@CR10]--[@CR12]\].

Numerous studies show high correlations between SF-36 and SF-12 scores within samples of older individuals and conclude that the shorter SF-12 is a reliable indicator of quality of life \[[@CR7], [@CR13]--[@CR15]\]. For example, Muller et al. \[[@CR14]\] reported that in elderly patients with heart disease, SF-12 scores correlated 0.96 with PCS and 0.96 with MCS scores from the SF-36. Similarly, high correlations between SF-12 and SF-36 subscale scores were reported among elderly stroke patients \[[@CR8]\]. However, most previous studies were cross-sectional, predominantly focused on specific health conditions, and included few individuals aged 80 and older, when the largest declines in quality of life would be expected. Few studies have reported the associations of HRQOL based on the SF-36 or SF-12 with the SF-6D measure of health state utilities in older adults. Furthermore, although the test--retest reliability of these instruments has been well studied \[[@CR16]--[@CR18]\], few studies reported the stability of these associations over a period of time longer than 12 months \[[@CR16]\].

The purpose of the present study is to examine (1) the association of SF-12 and SF-6D scores with scores on the SF-36 and its domains in a large population-based sample of older men and women and (2) the stability of these associations in members of this cohort who returned the same HRQOL survey 5 years later.

Methods {#Sec2}
=======

Sample {#Sec3}
------

Study participants were community-dwelling men and women aged 50 and older from the Rancho Bernardo cohort. In 1972 to 1974, a census-based cohort of 6,339 individuals representing 82% of the adult population of Rancho Bernardo (a community in Southern California) was enrolled in a study of heart disease risk factors. All were Caucasian, relatively well educated, and middle class. Most were married and living in single-family homes \[[@CR19]\].

These individuals are followed by periodic clinic visits and annual mailed surveys. In October 1995 and again in October 2000, a survey including the SF-36 was sent to all surviving members of the Rancho Bernardo cohort. A total of 2,867 participants responded to the 1995 survey and 2,297 responded to the 2000 survey. After excluding the 544 aged less than 50 years at the time of the 1995 survey and the 753 who did not respond to both mailed surveys, there remained 1,570 participants (653 men and 917 women) who are the focus of this study. Responding to the mailed questionnaire was considered implicit informed consent. The Human Research Protections Program at the University of California San Diego approved this study.

HRQOL measures {#Sec4}
--------------

The SF-36 consists of 36 multiple-choice items originally derived from a large series of health status instruments including 245 items employed in the Medical Outcomes study \[[@CR15], [@CR20]\]. The first item of the SF-36 asks participants to rate their health with response choices of excellent, very good, good, fair, and poor. The remaining 35 forced choice items ask participants to rate various aspects of their health. Specific items and scoring for the SF-36 are detailed elsewhere \[[@CR2], [@CR21]\]. Briefly, responses to items are grouped into scales assessing eight domains: physical functioning, role physical, bodily pain, general health, vitality, social functioning, role emotional, and mental health. Scores for the physical functioning, role physical, bodily pain, and general health domains are further aggregated into a physical component summary (PCS) score, and scores for vitality, social functioning, role emotional, and mental health domains are aggregated into a mental component summary (MCS) score. For all SF-36 derived summary and domain scores, higher scores are indicative of better health status. In the general US population, the physical and mental component summaries each have mean scores of 50 and standard deviations of 10, whereas mean scores for the eight domains range from 61 to 84 and standard deviations range from 18 to 34 \[[@CR21]\].

The validated SF-12 consists of 12 items from the SF-36. As described elsewhere \[[@CR7]\], its PCS and MCS summary scores are constructed from all 12 items where each question item is weighted according to each (physical or mental/emotional) dimension. No domain scores are available from SF-12. Higher scores on the SF-12 PCS and MCS are indicative of better health status.

The SF-6D is a health utility measure of HRQOL, which assesses the value or desirability of a state of health against an external metric \[[@CR1]\], is most often used in cost-effectiveness research. The SF-6D is based on six SF-36 domains, specifically, physical functioning, role limitations, social functioning, pain, mental health and vitality; scores are reported as a percent, where 100% is optimal health value \[[@CR10]\]. As described elsewhere \[[@CR11], [@CR12]\], the SF-6D can be constructed in two ways either using 11 items from the SF-36 or 7 items from the SF-12. In either case, higher scores indicate greater health value or preference.

Statistical analysis {#Sec5}
--------------------

Only individuals who responded to both the 1995 and the 2000 SF-36 questions and were 50 years of age or older in 1995 were included in this analysis. Responses were scored based on existing algorithms to obtain SF-36 physical component (PCS) and mental component (MCS) scores and domain scores as well as SF-12 PCS and MCS scores for each of those years \[[@CR22]\]. Additionally, participants were assigned one SF-6D score based on the 11 of the SF-36 items (SF6D_SF36) and a second SF-6D score based on seven items from the SF-12 instrument (SF6D_SF12). SF-36 PCS, MCS, and SF-6D change scores were also computed by subtracting the 1995 scores from the 2000 scores.

Descriptive statistics were calculated for all SF-36 and SF-12 PCS and MCS scores and SF-6D scores. Comparisons of men and women on each of these scores were performed with independent *t*-tests. Because of observed sex differences, all further analyses were sex specific. Pearson correlations were used to examine the associations of the eight SF-36 domain scores as well as the SF-36 PCS and MCS scores with SF-12 PCS and MCS scores and SF-6D scores; *r*^2^ was used to indicate the amount of shared common variance between SF-12 and SF6D with SF-36. Scatter plots were used to evaluate the agreement between SF-36 and SF-12 as well as SF-36 with SF-6D in 1995. Correlations were used to examine the associations of each HRQOL score obtained in 1995 and with those obtained in 2000 after stratifying by decades of age (50--59, 60--69, 70--79, 80+). Analysis of variance was used to examine the differences in mean SF6D_SF36 by self-reported health status groups (excellent, very good, good, fair/poor) in 1995 and 2000. Analysis of variance was also used to examine differences in mean SF-36 PCS, MCS, and SF-6D change scores between 1995 and 2000 by age-group (50--59, 60--69, 70--79, 80+).

To have a better understanding of the differences in terms of health quality of life between responders and non-responders, the 1995 HRQOL mean scores were compared between responders and non-responders to the 2000 mailing. All analyses were two-tailed with statistical significance considered at *P* \< 0.05. No attempt was made to adjust for multiple comparisons; exact *P*-values are shown instead. Statistics were performed with SAS, version 9.12 (SAS Institute, Inc., Cary, NC).

Results {#Sec6}
=======

In 1995, the age ranged from 50 to 99 with an average of 68.2 ± 10.7 in men and 69.8 ± 11.3 in women; median age was 71 for men and 74 for women. Table [1](#Tab1){ref-type="table"} shows descriptive statistics for HRQOL scores in 1995 and 2000 for all participants and separately for men and women. In both years, comparisons with independent t-tests showed that there were significant sex differences (*P* \< 0.05) on all measures, with men having higher self-rated quality of life than women. The differences between men and women were fairly stable over time.Table 1Comparisons^a^ of sex-specific health-related quality of life (HRQOL) measures in men and women aged 50 and olderHRQOL measuresTotal mean (SD)\
(*n* = 1570)Men mean (SD)\
(*n* = 653)Women mean (SD)\
(*n* = 917)*t*-value*P*-valueYear 1995 SF36_PCS^a^48.4 (9.6)49.7 (8.6)47.5 (10.1)−4.62\<0.001 SF36_MCS^a^54.1 (8.4)54.9 (7.6)53.5 (9.0)−3.40\<0.001 SF12_PCS48.5 (9.6)50.0 (8.8)47.5 (10.1)−5.03\<0.001 SF12_MCS53.8 (8.0)54.6 (7.3)53.2 (8.5)−3.61\<0.001 SF6D_sf1282.6 (12.2)84.9 (10.8)80.9 (12.8)−6.46\<0.001 SF6D_sf3678.3 (11.2)80.4 (10.3)76.8 (11.6)−6.31\<0.001Year 2000 SF36_PCS45.4 (11.2)46.8 (10.6)44.4(11.5)−4.06\<0.001 SF36_MCS54.5 (8.2)55.0 (7.8)54.0 (8.5)−2.32\<0.021 SF12_PCS45.6 (11.1)47.1 (10.7)44.4 (11.3)−4.60\<0.001 SF12_MCS53.9 (8.0)54.4 (7.7)53.5 (8.2)−2.17\<0.030 SF6D_sf1280.4 (13.9)82.3 (13.4)80.0 (14.1)−4.54\<0.001 SF6D_sf3676.2 (12.6)77.9 (12.5)74.9 (12.5)−4.49\<0.001^a^Results of independent sample *t*-tests; *PCS* physical component score, *MCS* mental component score

Table [2](#Tab2){ref-type="table"} shows sex-specific Pearson correlations of the SF-12 physical and mental subscale scores and SF-6D scores with SF-36 physical and mental subscale scores in both 1995 and 2000. As shown, there were high correlations between SF-12 and SF-36 subscales in men and women at both time points. Coefficients ranged from 0.96 to 0.97 for PCS and 0.94 to 0.97 for MCS scores (*P*'s \< 0.001), indicating over 88% of shared common variance between SF-12 and SF-36 scores. Scores on SF-6D were also significantly associated with SF-36 subscale scores, but correlations were lower, ranging from 0.61 to 0.69 (*P*'s \< 0.001) in 1995 and 0.71 to 0.79 (*P*'s \< 0. 001) in 2000 for PCS and from 0.62 to 0.69 (*P*'s \< 0.001) in 1995 and 0.61 to 0.67 (*P*'s \< 0.000) in 2000 for MCS. Thus, the shared common variance between SF-6D and SF-36 ranged from 37% to 63% for PCS and from 37% to 41% for MCS.Table 2Sex-specific Pearson correlations for SF-12 and SF6D scores with SF-36Men (*n* = 653)Women (*n* = 917)SF36_PCSSF36_M CSSF36_PCSSF36_MCSYear 1995 SF12_PCS0.96\*\*0.08\*0.96\*\*0.08\* SF12_MCS0.050.96\*\*0.030.97\*\* SF6D_sf120.61\*\*0.69\*\*0.62\*\*0.67\*\* SF6D_sf360.69\*\*0.63\*\*0.66\*\*0.65\*\*Year 2000 SF12_PCS0.97\*\*0.22\*\*0.96\*\*0.14\*\* SF12_MCS0.22\*\*0.95\*\*0.13\*\*0.95\*\* SF6D_sf120.76\*\*0.67\*\*0.71\*\*0.62\*\* SF6D_sf360.79\*\*0.64\*\*0.73\*\*0.61\*\*\* *P* \< .05; \*\* *P* \< .001

Table [3](#Tab3){ref-type="table"} presents sex-specific Pearson correlations of SF-12 PCS, MCS and SF-6D scores in 1995 and 2000 with each of the eight SF-36 domains. As shown, although all correlations were statistically significant, for both men and women, physical functioning, role physical, and bodily pain domains had the highest correlations with SF-12 physical summary score (PCS), (*r*'s = 0.80--0.86, *P*'s \< 0.001), whereas role emotional and mental health domains had the highest correlations with SF-12 mental summary score (MCS) (*r*'s = 0.79--0.85, *P*'s \< 0.001). Social functioning and vitality SF-36 domain scores had similar associations with both SF-12 physical and mental summary scores (see Table [3](#Tab3){ref-type="table"}). Thus, for both survey years, the general health domain score had a stronger correlation with the physical than the mental summary score (e.g., for men in 1995, *r* = 0.66 for SF-12 PCS vs. *r* = 0.37 for SF-12 MCS). SF-36 domain scores and SF6D scores were also significantly correlated in both sexes in both years with correlations that did not vary much over the SF-36 domains (see Table [3](#Tab3){ref-type="table"}).Table 3Sex-specific Pearson correlations between SF-36 HRQOL domain scores and SF-12 physical (PCS) and mental (MCS) scores and SF6D scoresSF36 domainsYear 1995Year 2000SF12_PCSSF12_MCSSF12_PCSSF12_MCSMen (*n* = 653) General health0.660.370.710.46 Physical functioning0.800.140.860.28 Role physical0.820.260.840.37 Bodily pain0.700.230.730.36 Vitality0.620.560.720.57 Social functioning0.540.630.620.69 Role emotional0.150.790.320.79 Mental health0.220.830.390.83Women (*n* = 917) General health0.610.380.690.40 Physical functioning0.860.130.860.24 Role physical0.820.320.860.32 Bodily pain0.740.230.750.23 Vitality0.610.570.710.56 Social functioning0.540.610.600.62 Role emotional0.240.810.300.80 Mental health0.220.850.280.80SF36 domainsYear 1995Year 2000SF6D_SF12SF6D_SF36SF6D_SF12SF6D_SF36Men (*n* = 653) General health0.580.630.690.70 Physical functioning0.570.620.720.74 Role physical0.690.680.750.75 Bodily pain0.600.700.710.76 Vitality0.700.740.770.78 Social functioning0.780.740.800.77 Role emotional0.630.560.650.63 Mental health0.680.670.700.70Women (*n* = 917) General health0.590.620.620.66 Physical functioning0.620.630.710.71 Role physical0.740.740.750.75 Bodily pain0.630.710.650.71 Vitality0.710.740.740.77 Social functioning0.760.740.780.78 Role emotional0.710.670.640.61 Mental health0.650.650.610.64*Note*: All correlations are significant at *P* \< 0. 0001

Table [4](#Tab4){ref-type="table"} shows sex-specific correlations between HRQOL measures in 1995 and 2000 after stratification by age (50--59, 60--69, 70--79 and 80+). As shown, scores on the SF-36 subscales, SF-12 subscales, and SF-6D in 1995 were significantly correlated with scores on those measures in 2000 (all *P*'s \< 0.001). The associations between HRQOL measures (in 1995) are depicted graphically using scatter plots (see Figs. [1](#Fig1){ref-type="fig"}a, b, and [2](#Fig2){ref-type="fig"}a, b). Scatter plots were similar for men and women in 1995 and 2000; only in 1995 sex-specific data (for men) are presented. In Fig. [1](#Fig1){ref-type="fig"}a and b, the tight clustering along the *y* = *x* line indicates the close agreement between SF-36 and SF-12. Figure [2](#Fig2){ref-type="fig"}a and b show less clustering along the *y* = *x* line indicative of a lower agreement between SF-36 and SF-6D_SF36. Results were similar using HRQOL scores from 2000 (data not shown).Table 4Sex- and age-specific associations for HRQOL measures in 1995 and 2000*N*SF-36 PCSSF-36 MCSSF-12 PCSSF-12 MCSSF6D_SF36SF6D_SF12Men age-groups^a^ 50--591660.640.440.580.410.520.56 60--691890.480.520.470.520.530.56 70--791880.570.440.520.400.480.52 80+1100.560.340.570.330.400.50Women age-groups^a^ 50--592070.570.540.520.480.450.51 60--692240.480.600.500.580.470.54 70--792760.540.390.530.670.460.51 80+2100.620.350.610.400.510.52Results of Pearson correlations. All *P*-values significant at *P* \< 0.001^a^Based on 1995 ageFig. 1**a** SF-36 PCS by SF-12 PCS in 1995. **b** SF-36 MCS by SF-12 MCS in 1995Fig. 2**a** SF-36 PCS by SF6D_SF36 in 1995. **b** SF-36 MCS by SF6D_SF36 in 1995. For figure **a** and **b**, SF6D is based on SF6D_SF36

Figure [3](#Fig3){ref-type="fig"}a and b show the association between responses to the self-rated health question and the SF-6D utility scores. As shown, as *self-rated* health declines, there is a monotonic decrease in mean SF6D_SF36 utility scores in both sexes in both time periods (1995 and 2000).Fig. 3**a** Mean SF6D_SF36 scores by health status in 1995. **b** Mean SF6D_SF36 scores by health status in 2000. *Notes*: All SF6D comparisons by self-reported health status significant at *P* \< 0 .001 using ANOVA. Health Status Question: "In general would you say your health is?" Due to small sample size, "fair and poor" response categories were combined into one response category

Figure [4](#Fig4){ref-type="fig"}a and b show mean change scores between 1995 and 2000 for SF-36 PCS, MCS, and SF6D_SF36. In both men and women, all age-groups (50--59, 60--69, 70--79, 80+) showed a decline in PCS scores over 5 years with the greatest decline observed for the oldest age-group (age 80+). Women in the three younger age-groups and men in the two younger age-groups had a modest improvement in MCS score, whereas older men and women showed a decline. In both men and women, SF-6D scores improved over time among those aged 50--59 but declined for the other three age-groups (*P* \< 0.001).Fig. 4**a** Change in HRQOL (based on SF36) measures between 1995 and 2000 by age-group for men. **b** Change in HRQOL (based on SF36) measures between 1995 and 2000 by age-group for women. *Notes*: For figure **a** and **b**, SF-36 measures compared by four age-groups significant for both men and women at *P* \< .001 using ANOVA. Age-groups based on 1995 age. The SF-6D measure is based on SF6D-SF36

Study participants who did not respond to 2000 mailer had lower SF-36 PCS, MCS, and SF6D_SF36 mean scores (*P*'s \< 0.001) and were younger when compared to respondents who participated in both 1995 and 2000 mailings.

Discussion {#Sec7}
==========

In this large sample of older community-dwelling men and women, there are strong and similar associations between PCS and MCS scores obtained with the SF-36 and with the SF-12 in all age-groups and both sexes. Furthermore, the SF-12 PCS and MCS sub-scale scores were highly correlated with each of the individual SF-36 domain scores. These results indicate that there is little loss of information with use of the SF-12 instead of the SF-36; similar conclusions would be made using either instrument, in accord with other studies \[[@CR7], [@CR13]--[@CR15]\].

Although the SF-6D was constructed to assess a different underlying aspect of health-related quality of life, there are statistically significant correlations with SF-36, indicating a modest overlap between these measures. However, the lower proportion of shared common variance between the SF-36 and the SF-6D when compared to the proportion of variance shared with SF-12 suggests that use of the SF-6D to assess health status would lead to a lower precision of results and confirms that these instruments assess, at least in part, different underlying aspects of HRQOL. In this study, SF-6D scores decreased monotonically with decreasing self-ratings of health in accord with Petrou et al. \[[@CR9]\] who reported a similar pattern in a large sample of women in England. It should be noted that participants responded to SF-36 items, and scores for SF-12 and SF-6D scales were constructed from the SF-36 responses, and different scales were not presented to participants as separate standardized scales.

The associations observed in the present study were stable over time for both men and women; similar patterns of associations were observed using data from 1995 and 2000. Unlike previous studies where the focus of test--retest reliability entailed much shorter-term periods, this study provides evidence of the stability of these associations over 5 years in adults aged 50 and over as well as in those aged 80 and older, when the largest declines in quality of life (both physical and mental) and health utility would likely be found. The observed decline with age was likely attenuated in the present dataset which required that participants complete the questionnaire on two occasions 5 years apart. Although the mailed questionnaires had high response rates, there were greater numbers of older and likely more unwell seniors who did not complete the second survey. This would have minimized the ability to quantify the loss in HRQOL in old age and is an inevitable limitation of all geriatric studies.

Age and sex-specific results of 5-year change scores for SF-36 PCS show statistically significant *declines* in physical health for both men and women within all four age--groups, although the decline was worse for the oldest age-group (age 80+). Over time, mental health scores showed statistically significant but *modest improvement* in the younger age--groups, although men over 70 and women over 80 exhibited declines. Health utility scores (SF-6D) improved somewhat for the youngest men and women (aged 50--59); however, the mean change scores declined for the other three age-groups. These results are comparable to other reports \[[@CR16], [@CR23]\] of the expected association of age on decline in quality of life. The examination of specific morbid conditions and other variables as explanatory variables for the age-related change in HRQOL will be reported elsewhere.

Although the patterns of association and change over the 5-year period were similar in both sexes, there were statistically significant sex differences on all HRQOL measures at both time points, with men reporting significantly higher self-rated quality of life. These results are in accord with Myint et al. \[[@CR23], [@CR24]\] who reported that men have higher SF-36 PCS and MCS mean scores compared to women in a population-based study of individuals aged 41--80 \[[@CR23], [@CR24]\]. Hemingway et al. \[[@CR25]\] also reported higher SF-36 mean scores for men compared to women for all SF-36 domains among a large sample of younger civil servants in England aged 39--63.

Several limitations are considered. Data were self-reported via two annual mailers, which are vulnerable to misreporting. The Rancho Bernardo cohort is Caucasian, relatively well educated with high socioeconomic status; the application of these findings to other ethnic and socioeconomic groups might be limited. On the other hand, the homogeneity of the RBS population reduces potential associations of less advantaged socioeconomic status and ethnicity. Selection bias may also affect results of this study. Those who responded to the second mailed questionnaire appear to be healthier, both physically and mentally, than those who did not respond. Selection bias was reduced by the use of mailed survey, allowing those who were too ill or too busy as a caregiver to participate. Nevertheless, we acknowledge that non-responders to the second mailing had lower quality of life when compared to responders, which may have led to the very high correlation between the two assessments by removing those with the least favorable HRQOL at baseline. Furthermore, results of this study may be biased in that they reflect the stability of the associations only in survivors. Demonstration of five-year stability in survivors is novel.

This study also has several strengths. It provides the unique opportunity to examine the associations between two widely used measures of quality of life (SF-36 and SF-12) as well as a relatively new measure of health utility (SF-6D) in a large community-dwelling population of older men and women with a wide age range including people (older than those in many other studies). The availability of two data points obtained 5 years apart provides an opportunity to examine the stability of associations after a longer period of time compared to previous reports.

In conclusion, results suggest that SF-12 is a reliable measure of *health status* and can be used among older men and women in lieu of SF-36 with little loss of information. This has important implications for research on quality of life issues faced by the elderly. Although the SF-6D is a reliable measure of *health preference,* it cannot be substituted for either of the health status measures (SF-36 and/or SF-12), without compromising predictive utility. The significant gender differences in physical and mental health status as well as health preference scores suggest that future studies of HRQOL should include sex-specific analyses. Furthermore, future longitudinal analyses should adjust for the confounding effects of age. Additionally, more longitudinal studies on HRQOL are needed to provide additional information on change in HRQOL over time, especially in the oldest old. Future studies on HRQOL should also be mindful that change in quality of life in older age can occur in either negative or positive direction. Studies in the elderly also need to determine which factors help explain improvement in quality of life and whether they reflect healthy aging or adjustment and compromise in the face of increasing limitations.
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